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INTRODUCTION
Research has been conducted to determine a multitude of effective instructional strategies. There has also been much research over the past few years in the field of advanced instructional technologies, i.e., digital video interactive, multimedia, hypermedia, CD-ROM, internet, distance learning and adaptive training among others. These types of systems have not been fully explored with relevance to intelligent modeling of instructional strategies. How these instructional strategies are used most effectively in an automated structure is the next step in this research and the purpose of this research program. This program will provide the Air Force, other services, industry, and the public with the capacity to cost effectively develop, deliver, and evaluate instruction more appropriate to specific training situations.
Armstrong Laboratory and The Air Force Office of Scientific Research jointly sponsor a research laboratory at Lackland AFB studying the pedagogy of automated instruction. The Training Research for Automated Instruction (TRAIN) laboratory at Lackland AFB conducts basic research in this area developing and validating automated instructional approaches in Air Force domains, based on instructional approaches emerging from TRAIN and other laboratories. These prototype instructional approaches will include part-task trainers, intelligent tutoring systems, digital video interactive, hypermedia, and multimedia environments. Once this research is completed, knowledge of how to use instructional strategies to instructional technology will enable the Air Force to train its personnel far more effectively and efficiently. The Air Force will also be in a position to transition this technology into industry and the public sector making training and education fundamentally more reliable and effective.
Background
The 619 th TRSS Curriculum Squadron requested help from Armstrong Laboratory in upgrading their radar course, specifically the initial introductory level lessons. The students are Air Force and Navy officers learning standard aircraft navigation. The initial UNT academic classes were designed as standup instruction with text materials. Students learn how to use the radar simulator on paper before being placed on the simulator and being required to know how to make it function. The simulator room presents the students with a high stress situation.
The students need to know how to work the simulator before having to face it for the first time. We developed the first six lessons (11 hours) in the Navigational Radar Course to teach set controls, checklist procedures, azimuth stabilization, radarscope interpretation, and dead reckoning navigational procedures. The lessons were designed around a specific set of instructional strategies and developed within an interactive simulation environment on a desktop computer.
Many instructional strategies have been designed, tested and validated within the Training Research for Automated Instruction (TRAIN) laboratory, as well as, other laboratories with the Department of Defense and academia. Whether these strategies are robust enough or can be generalized to operational environments where extraneous variables such as the skill level of the user, and environmental variables such as noise and variables such as the skill level of the user, and environmental variables such as noise and stress are not controlled is the second step in the implementation of an instructional strategy. Regian and Shute (1993) point out the importance of initially developing and testing pedagogical principles in a laboratory setting then progressively more field-like settings to ensure both internal and external validity.
Instructional Strategies
Four instructional strategies were selected for inclusion into the JUNT tutor. They are as follows: Instructional Sequencing based on the Elaboration Theory, Dynamic graphics, Group Learning (Dyadic) Protocols, and Learner Directed Instruction. Reigeluth's Elaboration theory prescribes an instructional presentation format that begins with an overview of the fundamental ideas/ concepts followed by elaborations of those concepts and finally end with a summary and synthesis of those concepts. This initial overview will also act as an advanced organizer for the students.
The second strategy is the use of a dynamic graphical model to facilitate the student's conceptualization of the system. As students manipulate console panel indicators, a dynamic simulation of the cause and effects of their actions is presented.
The third strategy included in this tutor is actually not embedded within the software itself, but rather in the method of instruction. Pairing students together on each computer and allowing them to interact while learning the course material is termed "dyadic protocol." The use of this group protocol using a cooperative learning procedure has an observational to performance ratio of 50-50%. Students will be required to participate as both an observer and as a performer equally.
And finally, the fourth instructional strategy to be used is learner directed instruction. We believe that this will temper the lock step presentation method of sequencing the instruction. Because of the highly motivated nature of the target audience, we believe that an effective organization of the presentation of the series of graphical simulations followed by learner-directed instruction will allow the student to master the objectives. The VIVIDS authoring system developed by the Air Force Research Laboratory was used to develop simulations and practice exercises. Now that the course and instructional strategies have been spelled out, we begin with an overview of the evaluation.
Evaluation Goals
• To conduct a formative and summative evaluation of the courseware.
Provide theoretical rational for evaluation approach. Propose analysis plan to collect and analyze evaluation data. Develop on-line criteria based on learning objectives.
• • Specify and develop on-line affective measures for: instruction, tutor and interface • Conduct a formative and summative evaluation of courseware.
• Assess impact on in-training student performance.
• Assess impact on subsequent schooling and job performance (simulator and on the job if possible).
This evaluation will compare the effectiveness of an automated instructional course using four instructional strategies to that of the traditional classroom instruction. Effectiveness is defined as increases in student knowledge and performance and a decrease in overall training time. Student knowledge differences will be measured cumulatively and by type (declarative, procedural and conceptual) on an end of course test (sections 2-7 only). Differences in student performance will be measured using quantitative and subjective data reported by instructors obtained on subsequent simulator exercise trails that take place approximately 1 week after course sections 2-7 are taught. Differences in training time will be based on the amount of time students spent in the automated JUNT course versus the traditional classroom. And finally, affective surveys will be administered to the student to measure their opinions and preferences toward the instruction that they were given.
Hypotheses
We hypothesize that the tutor using the elaboration theory, dynamic graphics, dyadic protocol, and learner directed instructional strategies will result in superior knowledge as measured by an end of course test, and superior performance as measured by objective and subjective criteria based on the simulator exercises. Moreover, we believe that the increase in student knowledge and performance will occur in significantly less time and students will prefer the automated instruction to that of the traditional classroom instruction.
METHODS

Experimental Design
This experiment is based on a between subjects, pre and posttest design with repeated measures. The independent variables in this study are traditional classroom instruction versus automated instruction for an Air Force undergraduate radar systems training course at Randolph Air Force Base. Only the instruction for blocks two through seven are being evaluated in the current study. The instruction in the automated treatment condition is self-paced while the classroom group meets six times for approximately four hours each. The instructor for the classroom is a retired Officer who has approximately 10 years experience as a navigator. All instructors for this course are hired as contractors and are required to be re-certified as instructors by the Air Force every year.
The dependent variables of interest are the learning indicators as measured by the pretest and posttest, affective measures about the student's preferences for either mode of instruction, learning time and a conceptual survey. The pre/posttests were constructed based on the course objectives and were reviewed by subject matter experts to ensure plausibility and correctness. The affective questionnaires surveys student's attitudes about the instructor or tutor's effectiveness in presenting the information (e.g. Did the instructor keep you motivated?). Demographic information about the students' background training and experience is also being collected to be used as possible covariates. Two test forms were developed to serve as the pre and posttests. The test forms were administered in a counterbalanced fashion, that is, if a student had form A for the pretest they would be administered form B for the posttest and vice versa. Following the initial administration the tests will be analyzed to ensure that they are parallel in terms of difficulty.
Because students in each class are rank ordered and placed into duty assignments based on their ranking, we were not able to conduct a within groups experimental design. In order to be fair, all students in each class had to receive the same training. Thus, four consecutive classes will be run for each treatment condition. Each of the eight groups will receive a privacy right act form, a demographic questionnaire, pretest and conceptual survey prior to instruction on this block of the course. Following the instruction, whether it was automated or in the traditional classroom, everyone will receive a posttest, the conceptual survey and an affective questionnaire. The affective questionnaires are identical for the two treatment conditions differing only in reference to the tutor or instructor (e.g. Did the tutor keep you motivated?). The conceptual survey administered prior to and following the instruction is the same for each group and administration. Within this survey, pairs of concepts pertinent to the course material are presented and students are asked to rate their relatedness based upon a five point Likert scale. Changes in students' ratings before and after instruction and their similarity to the expert's conceptual model will be analyzed.
Equipment/Task
Classroom Students within the traditional classroom treatment received instruction from an experienced, certified instructor. Different instructors however taught each of the four classroom groups. All instructors had 5 or more years experience as a navigator within a branch of the Department of Defense. In addition, yearly certification procedures are used to test and ensure the instructor's knowledge in the subject area of navigation as is required by the school. The classroom instruction took a total of 30 hours, with approximately 6 hours across 5 days. In addition, students are assigned homework reading assignments prior to the beginning of each class (including the first class). The classroom instruction encompasses verbal instruction paired with Powerpoint color presentations or a large scale mockup of the console panel, radarscope console panel practice and radarscope presentation slides.
JUNTTutor
While the instructor was used within this treatment as a facilitator in answering questions about the tutor's interface or questions that the students did not understand within the instruction, most of the information covered in lessons 2 through 7 was presented via the computer. The class began with the instructor introducing themselves and giving the same brief motivational speech to the classroom students. Next students were randomly paired together and placed at a computer station. A total of 8 computer stations were available for use. Students were lead through instruction about the tutor's interface and given an instruction sheet on the interface for future reference. The students were instructed to progress through lessons 2 through 7 at their own pace. In addition, students were instructed to work together in understanding the material and to switch positions in "driving" through the tutor's presentation at the end of each lesson. The software was written using a authoring system called VIVIDS and delivered on high-end INTEL 80486 PC's running LINUX.
Procedures
All students began the experiment by reading the privacy right act (see Appendix A) and filling out a demographic questionnaire (see Appendix B) that asked questions about their age, educational background and experience as a pilot and navigator. Next, students were asked to read over the pretest instructions (see Appendix C) and complete a 50 item multiple choice and fill in the blank pretest. Two parallel forms of the test were created and counterbalanced as a pretest and a posttest (see Appendix D and E). Initial results indicate that the two tests were indeed parallel in form based upon the first administration. Once the students had completed the pretest they were given a motivational speech by the instructor and began instruction on Lesson 1 of the JUNT course. Following the instruction and a brief question and answer period to assess their knowledge by the instructor, classes either continued with the traditional classroom instruction or where placed on the JUNT tutor for further instruction. Following the instructional phase of the study students were again given the counterbalanced form of the 50 item pretest, which now served as the posttest. In addition students were asked to respond to an affective questionnaire about their opinions and preferences for the two forms of instruction (see Appendix F and G). Again, care was taken so that each questionnaire surveyed identical information from the students but were tailored to be in keeping with either form of instruction.
PRELIMINARY RESULTS
Sample Characteristics
A total of 75 subjects participated in the classroom treatment group. Of these, approximately 82 % of the students in the classroom treatment group have been males and 6 % have been female students. The remaining 12 % did not indicate their gender on the background survey. Likewise 87 % of the sample has a baccalaureates degree while 6 % indicated they hold a master's level degree. Two percent indicated they held an Associate's degree and 6 % did not indicate their education level on the survey. The average age was 24.67 years (SD = 2.44 years) with the youngest student being only 22 years of age and the oldest being 30 years of age.
It is interesting to note that almost 77 % of the students are active duty Navy officers and 18 % are active duty Air Force officers. Four percent were officers from a Foreign country. These officers come from a wide variety of commissioning sources including; Almost three-fourths (72.5%) of the students indicated that they had not read their homework assignment for chapters 1 & 2 prior to the pretest. Although we were initially worried that their reading of the chapters prior to the pretest would create a potential ceiling effect in the data, the data does not indicate this to be a problem.
Background Experience
Pilot
Over one-fourth (29%) of the students indicated they had experience as a pilot prior to enrolling in this course. Of those that did indicate they had prior experience, the Over one-fourth (29%) of the students indicated they had experience as a pilot prior to enrolling in this course. Of those that did indicate they had prior experience, the average number hours spent in flight was 52.13. There was a large degree in variation between the number of flight hours (min = 18, max. = 257) thus, the median score (MD=35.0) may serve as a better indicator of the sample for flight hours.
Navigator
Almost one-third (31 %) of the students indicated that they have some navigator's experience prior to enrolling in this course. This is not surprising since most (78 %) of the students are from the Navy which often sends their students through the Pensacola Flight Instruction School. Of the students that indicated they had prior navigational experience, the average number of hours spent as a navigator was 16.96. We believe that this variable may also be used as a possible covariate in the final analyses to control for incoming differences between students.
Pretest Data & Posttest Data
Out of a possible 50 items, the average score on the pretest was just under half at 44.78 % (SD= 1047). The posttest was the alternate form of the pretest again consisting of 50 items. The average score for students in this class on the posttest was 68 % (SD = 12.92). Amazingly enough almost 1/3 of the items are still being answered incorrectly after being instructed in the classroom. The highest score obtained on the test was a 90% while the lowest score was a 33%. Pretest scores were evaluated by DoD membership and no significant differences were found between the Air Force students (X = 42.67%, N= 24) and the Navy students (X = 45.87%, N= 47). Similarly, no significant differences were observed on the posttest scores between either the Air Force students (68.67%) or the Navy students (68.25%).
CONCLUSION
As this evaluation report is preliminary in nature, the pretest and posttest data reflect the classroom environment without the computer instruction. Student data from the computer-based training has not been collected for this report. The tutor design is undergoing enhancements and the classroom for the computer training is being prepared with hardware upgrades. EML Mormation provided by you will be treated as confidential and will be used for official purposes only Individual identity will not be revealed. Regardless of whether you are identified by name and/or SSAN, the information obtained will be used only to improve selection, classification, assignment, and evaluation techniques within the armed services personnel system.
nicrincnrg Requirement and F-ffect of Not Providing Information
Disclosure of this information is voluntary. Failure to provide information would hmder the armed service's ability to improve the effectiveness of the personnel system. The personnel system continues to improve only with your assistance to make additional refinements in policies and procedures. Your cooperation in this effort is appreciated. We are currently evaluating how much of the course information to be presented to you in Lessons 2 through 6 you will be able to learn. You will be given both a pretest prior to the instruction of these lessons and a posttest following the instruction of these lessons. The pretest will evaluate how much of the information you may already know. We do not EXPECT you to know this information. If you do not know the answers to these items, make your best educated guess. Upon the completion of lesson 6, we will test you again to evaluate how much you have learned. The information gained from these tests will help us modify future instruction, but will not have a bearing on your rank in the JUNT course.
Appendix B
You may use either a pen or pencil to mark your answers. Please write your answer to each test item on the blank provided below. Write ALL answers on this answer sheet. Do NOT write on the test itself. You may use the space provided on the bottom and back of this sheet for any comments you wish to make in reference to this test. When you finish this test, sit quietly at your desk and wait for the rest of the class to finish. The instructor will come around to collect your test when everyone is done. 12. The practice/rehearsal activities were in line with the objectives of the instruction.
7.
13.1 was given enough practice/rehearsal exercises.
14. The help/feedback was informative.
15. The help/feedback was easy to follow and understand.
16. The help/feedback was thorough..
17. The procedures were clearly described and illustrated.
18. The information was organized from simple to complex.
19. Would you take a course like this in the future given the choice? a. Yes b. No 20. Use the space provided below and on the back of this sheet to comment about things that you specifically liked or disliked about the course.
